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ENCLOSED CELL AND SEALER

CROSS REFERENCE TO RELATED
APPLICATTON

The present application i1s the national stage under 35
U.S.C. 371 of PCT/JP99/00095, filed Jan. 14, 1999.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a closed battery capable
of rupturing at a fixed pressure, especially at a low pressure,
to readily release the internal pressure and at the same time
to cut off the current, when the temperature or the mternal
pressure of the battery 1s elevated.

2. Description of Related Art

Recently, with increasing demand for electronic devices
that are made much smaller in size and have enhanced
performance, non-aqueous eclectrolyte batteries with light
welght and high energy density such as lithium 10on second-
ary battery have been popularly used. Since the non-aqueous
clectrolyte battery uses an alkali metal such as lithium,
sodium, or potassium as an active material of negative
clectrode thereof and such alkali metal easily reacts with
water to generate gases, 1t employs a container of completely
scaled structure. Such a completely closed battery 1s excel-
lent 1n storability, but reversely, there arises a problem due
to the very high sealability. Namely, if the battery 1s exposed
to high temperature or is short-circuited inside or outside
thereof and a large current flows, or if hydrogen gas is
ogenerated 1n the battery due to the moisture imncluded 1n the
manufacturing process, the internal pressure of the battery 1s
sometimes abnormally elevated and the battery bursts,
which may damage the devices. There may be also a danger
of 1njuring the user of the device. Accordingly, it 1s neces-
sary to provide some mechanism for releasing internal
pressure of the battery before it 1s increased to a high extent.

So far, several methods for releasing the 1nternal pressure
of a battery have been proposed and some of them have been
used 1n practice. For 1nstance, Japanese Patent Laid-open
Publication No. HEI-2-304861 discloses a mechanism of a
safety valve for a battery. This safety valve 1s constructed
such that a battery container 1s provided on a portion thereof
with a valve chamber having a valve opening leading to the
inside of the battery and an exhaust hole leading to the
outside. The wvalve chamber 1s provided with a valve
member, 1n which at least the surface facing the valve
opening 1s made of rubber, and an elastic member to press
rubber-made surface of said valve member against the valve
opening. Thus, the rubber of the valve member closes the
valve opening so that the sealability of the battery can be
ensured, while the valve opening 1s unsealed when the
internal pressure reaches a fixed pressure for the elastic
member to permit pressure releasing so that excessive
clevation of the internal pressure can be prevented.

Such a conventional safety valve has been widely used in
N1—Cd type batteries. However, 1t has not yet been used 1n
the non-aqueous batteries which employ alkali metals as the
active material of the negative electrode, since even if the
clastic member presses the valve member against the valve
opening to thereby close the battery, it 1s 1impossible to
obtain such a high sealability as required for the non-
aqueous batteries.

One of the methods for releasing the internal pressure of
a battery which requires high sealability 1s disclosed 1n
Japanese Patent Laid-open Publication No. SHO-63-
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285859. In this method, a container of the battery 1s provided
at a portion of 1ts wall with a thinned portion. This thinned
portion 1s formed by cold compressing the can wall sheet
using a pressing machine until the thickness of the com-
pressed portion of the sheet becomes half of the original
thickness thereof. Thus, this thinned portion can provide the
battery with good sealability since a portion of a can body
having no opening on 1t 1s only transformed.

Another pressure releasing mechanism of this type 1is
disclosed 1n Japanese Patent Laid-open Publication No. HEI
6-215760. This releasing mechanism 1s provided with a
valve diaphragm fitted 1n an open end portion of at the upper
portion of an electrode element 1n a cylindrical outer con-
tainer having a bottom and a lead for cutting-off the current
disposed above the valve diaphragm. In this structure, when
the internal pressure of the battery 1s elevated, the valve
diaphragm 1s expanded to rupture the lead for cutting-ofif the
current to break off the current.

According to the method as disclosed 1in Japanese Patent
Laid-open Publication No. SHO-63-285859, it 1s necessary
to thin off a thinned wall portion of the container so that the
thinned portion can be ruptured at a relatively low pressure.
However, when the wall portion 1s too thinned off, there may
be formed fine or minute cracks during press-forming,
which may 1mpair the sealability of the battery container.
Further, when metals are processed by cold working, they
are 1nevitably hardened by working. However, the working
does not always cause uniform hardening, and therefore,
there arises a problem that the operating pressure for such
pressure releasing mechanism may vary. There 1s a half-
ctching method for making the thinner portion of the wall of
a battery container. However, 1t 1s extremely ditficult to
control the remaining thickness of the thinned portion
remained after etching, and it 1s also ditficult to obtain a
oood yield. Another problem 1s that pinholes are generated
in the half-etched portion, and therefore, all the products
need to be 1spected.

According to the method as disclosed 1in Japanese Patent
Laid-open Publication No. HEI-6-215760, 1t 1s necessary to
accurately control the depth of a cut off portion formed 1n the
lead. This method 1s difficult in view of its forming, which
cause a problem that the current 1s not reliably cut off at a
fixed pressure.

With a view to solving drawbacks of the conventional
methods as mentioned above, it 1s an object of the present
invention to provide a closed battery incorporating a valve
chip which can be stably and accurately ruptured at a fixed
pressure, especially at a low pressure, so as to release the
internal pressure thereof and which can be manufactured
casily, and a closing member for use 1n the above mentioned
closed battery. It 1s also the object of the present imnvention
to provide a closing member having a configuration capable
of being ecasily handled and almost free from causing
defective products in the manufacturing process, and a
closed battery using the closing member.

SUMMARY OF THE INVENTION

The above mentioned problem can be solved according to
the present invention by a closed battery comprising an outer
container, an clectrode element consisting of a positive
clectrode, a negative electrode, and a separator, accommo-
dated 1n said outer container together with an electrolyte,
and a closing member secured to the mner periphery of an
open end portion of the outer container so as to close the
open end portion. The closing member consists of a valve
element and a metal foil, and the valve element 1s formed of
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a metal substrate, on which a plurality of perforated open-
ings are disposed along an endless circumierence with small
interval between each opening. The metal foil 1s laminated
to the inner surface of the metal substrate so as to close the
perforated openings. When the internal pressure of the
battery 1s elevated, portions of the small interval between the
openings formed on the metal substrate, which are trans-
formable by a small force, are elongated so as to cause a
portion of the metal substrate encircled by the plurality of
perforated openings disposed on the endless circumierence
to be projected.

According to the configuration of the present invention, a
valve chip, which 1s composed of the portion of the metal
substrate encircled by the plurality of perforated openings
and the metal foil, 1s connected with a lead cover for
conducting a current from the electrode element. When the
internal pressure of a battery 1s elevated, the portion
encircled by the plurality of perforated openings i1s
projected, and the lead cover 1s electrically disconnected
from the metal fo1l to cut off the current. When the internal
pressure 1s further elevated, the metal foil, which 1s lami-
nated to close the openings of the valve element formed of
the metal substrate having the perforated openings thereon,
ruptures to release the internal gas of the battery so as to
prevent burst of the battery container.

The above mentioned plurality of perforated openings are
circular openings having the same diameter. They are prel-
erably be disposed with equal 1ntervals respectively along a
circumierence of a fixed radius around the center of the
valve element, which 1s an example for the endless circum-
ference. Further, the sum total length of the openings formed
as the plurality of perforated openings on the endless cir-
cumierence 1s preferably 30 to 85% of the whole length of
the endless circumierence.

Furthermore, the metal substrate is preferably a steel
sheet, a stainless steel sheet, a copper sheet, or an aluminum
sheet. The metal foil 1s preferably a steel fo1l, a stainless steel
fo1l, a copper foil, an aluminum foil, a nickel foil, or a
nickel-iron alloy foil.

Thus, the closing member of the present invention 1s
constructed such that a portion thereof is transformed at a
fixed pressure to rapidly cut off the current of the battery
when the 1nternal pressure 1s elevated. The closing member
1s further provided with a mechanism for ruputuring itself at
a fixed pressure to release the iternal pressure. The above
mentioned fixed pressure for cutting off the current can be
set arbitrarily according to the shape and disposition of the
openings, and the pressure value at the internal pressure
released can be set arbitrarily according to the material and
thickness of the metal foil.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a vertical section view showing an upper part of
a completely closed battery by way of an example of the
present invention.

FIG. 2 1s a vertical section view showing an upper part of
a completely closed battery by way of another example of
the present invention.

FIG. 3 1s a plan view showing a closing member having
a valve element.

FIG. 4 1s a vertical section view showing the closing
member.

FIG. 5 1s an explanatory view showing an action of the
closing member when the internal pressure of the battery is
abnormally elevated.
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FIG. 6 1s an explanatory view showing an action of the
closing member when the internal pressure of the battery 1s
abnormally elevated.

FIG. 7 1s a plan view showing another example of the
closing member.

FIG. 8 1s a plan view showing still another example of the
closing member.

EXPLANATION OF REFERENCE
CHARACTERS

. through hole

: metal substrate

: metal foil

. perforated opening

: portion of valve element

. lead wire

: valve opening,

: brazed portion

20: concave portion

24: projection

30: outer container

32: electrode element

32a: positive electrode

32b: separator

32c: negative electrode

33: closing cap

33a: periphery cover

34: 1nsulating gasket

36: periphery

37: lead cover

37a: circumierence

37b: through hole

38: positive temperature coellicient element
40: insulating gasket

V: valve chip

I: endless circumierence

r: radius of endless circumierence as an entire circle
w: 1nterval between perforated openings 3
Al: length of perforated opening 3 on circumierence

O~ =D

DETAILED DESCRIPTION OF THE
INVENTION

Preferred embodiments and examples of the present
invention are explained below referring to the drawings.
FIG. 1 1s a vertical section view showing an upper part of a
completely closed battery by way of an example of the
present invention. FIG. 2 1s a vertical section view showing
an upper part of a completely closed battery by way of
another example of the present invention. FIG. 3 1s a plan
view showing a closing member having a valve element.
FIG. 4 1s a vertical section view showing the closing
member. FIGS. § and 6 are explanatory views showing
actions of the closing member when the internal pressure of
the battery 1s abnormally elevated. FIGS. 7 and 8 are plan
views showing the other examples of the closing member.

In FIG. 1, cylindrical outer container 30 having a bottom,
which serves as a negative electrode terminal, accommo-
dates an electrode element 32 together with an electrolyte
which are 1solated from the outside. Electrode element 32 1s
configured such that a laminate, which 1s composed of a
positive electrode 32a, separator 32b, and negative electrode
32c¢ disposed against the positive electrode 32a and insulated
from positive electrode 32a by separator 32b, 1s wound 1n a
colled form.

Closing cap 33 having through holes 0, 0 for gas
releasing, which serves as a burst-proof mechanism and at
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the same time as a positive electrode terminal, 1s secured by
calking to upper open end portion of outer container 30 via
insulating gasket 34. Above electrode element 32, lead cover
37 having through hole for gas releasing 37b 1s disposed.

Between lead cover 37 and positive temperature coeffi-
cient element 38, a resistance value of which 1s increased as
the temperature increases thereby to control the current of
the battery to a normal level, valve chip V, which forms
closing member for enclosing the electrode element 32 and
others, 1s provided. Periphery 36 of valve chip V 1s 1n contact
with positive temperature coetficient element 38, which 1s in
contact with periphery 33a of closing cap 33. These periph-
eries 36 and 334, and positive temperature coeflicient ele-
ment 38 are secured by calking to circumiference 37a of lead
cover 37 via isulating gasket 440.

Lead wire 6 1s attached, by an appropriate means, to an
inner surface of valve chip V serving as the closing member
for closing the upper open end portion of the battery. Lead
wire 6 1s extended to positive electrode 32a of electrode
clement 32. Thus, there 1s provided a current path of the
battery.

The current path may be provided otherwise as shown in
FIG. 2. Namely, lead cover 37 1s disposed opposing valve
chip V with insulating gasket 40 interposed between them
and concave portion 20 1s formed at the center portion of
valve chip V, which 1s 1n contact with projection 24 formed
at the center portion of lead cover 37. Lead wire 6 1s
attached, by an appropriate means, to the inner surface of
lead cover 37 and lead wire 6 1s extended to positive
clectrode 32a of electrode element 32. Thus, there 1s pro-
vided an example of the current path.

Valve chip V has a substantially disc shape 1n a plan view
as shown 1 FIGS. 3 and 4. Valve chip V 1s composed of
metal substrate 1 having a circular shape and metal foil 2
laminated to the inner surface of metal substrate 1. As a
material for metal substrate 1, steel sheet, stainless steel
sheet, copper sheet or aluminum sheet may be used. As a
material for metal foil 2, steel foil, stainless steel fo1l, copper
fo1l, aluminum foil, nickel foil or nickel alloy foil, for
example nickel-iron alloy foil may be used.

In FIG. 3 showing an example of the present invention, a
plurality of perforated openings 3 (“n” number of perforated
openings, i.e., 8 openings in case of FIG. 3) (each having a
circular shape in case of FIG. 3) are disposed such that their
respective centers are present on an endless circumference 1
(circumference 1 with radius “r” around the center position
of valve chip V 1n FIG. 3), and spaced with equal intervals
“w” between them such that they form an endless 1n a
circular line. As shown 1n FIG. 4, metal foil 2 has lead wire
6 attached to brazed portion 8, for example. When the
internal pressure of the battery 1s elevated, portions of the
equal intervals “w” of metal substrate 1 which are liable to
be transformed are elongated and portion § of valve chip
encircled by plurality of perforated openings 3 1s projected
so as to permit the lead wire 6 to be detached from brazed
portion 8 or be broken to cut off the current.

The sum length: nxAl (Al represents a substantial length
of each perforated opening 3 on circumference 1) of these
plurality (“n” number) of perforated openings 3 may pref-
erably be 30 to 85% of the whole length of the circumfer-
ence 1. In a case where the sum length of the perforated
openings 1s less than 30% of the whole length of the
circumference, the rigidity of metal substrate 1 becomes
higher. Accordingly, even when the internal pressure 1is
clevated, portion 5 of the valve chip 1s not projected sufli-
ciently and hence lead wire 6 1s not detached from brazed
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portion 8. Therefore, 1t 1s impossible to cut off the current.
On the other hands, 1n a case where the sum length exceeds
85% of the whole length of the circumference 1, if any outer
large force 1s applied to the battery, dropping of the battery,
for instance, portion 5 of the valve chip 1s sometimes
deformed to cause lead wire 6 to be detached from brazed
portion 8 or be broken so as to cut off the current.

Next, an action of the valve chip in an abnormal circum-
stance where the internal pressure of a battery 1s elevated 1s
explained. Once the internal pressure of the battery is
clevated, portions of equal intervals between perforated
openings 3 (easily transformable portions) disposed 1n a line
of the endless circumference on metal substrate 1 with equal
intervals of “w” between them are elongated equally and
portion S of the valve chip 1s projected, as shown 1n FIG. 5.
Due to such projection of portion S of the valve chip, lead
wire 6 attached to metal foil 2 1s detached from brazed
portion 8 or breaks itself so as to reliably cut off the current.
When the internal pressure 1s further elevated, portions of
metal fo1l 2 that close perforated openings 3 are ruptured to
render valve openings unclosed and release the internal
pressure, as shown in FIG. 6. The released gas 1s discharged
outside through valve openings 7 and through holes 0 of
closing cap 33.

In contrast, in cases where perforated openings 3 are not
present 1n such a line of the endless circumference with the
equal mtervals “w” on metal substrate 1 but are present 1n a
horseshoe shape, for example, when the 1nternal pressure 1s
clevated, a tongue-shaped portion of metal substrate 1 that
1s encircled by horseshoe-shaped perforated opening 3 is
deformed, with a continuous and single portion of metal
substrate 1 having interval “w” being as the fulcrum, and in
particular a certain portion of this tongue-shaped portion
where 1s most distant from the above mentioned fulcrum 1s
largely deformed and a portion of metal foil 2 corresponding
thereto 1s ruptured to release gas and the 1nternal pressure of
the battery is set free. However, since the center portion of
valve chip V to which lead wire 6 1s connected 1s near the
above mentioned fulcrum for causing such deformation,
there 1s only little deformation and the connecting portion of
lead wire 6 1s not broken. Thus, there may be a danger that
the excessively large current which caused the elevation of
the internal pressure of the battery keeps flowing. As a
consequence, the most important factor of the present inven-
tion 1s that perforated openings 3 are disposed 1n a line of an
endless circumference on metal substrate 1 with equal
intervals “w” between them.

Incidentally, the shape of portion 5 of valve element may
be shown i FIG. 3, mm which the plurality of circular
openings are disposed 1n a line of the circumierence with the
cequal intervals between them. For example, as shown in
FIGS. 7 and 8, it may be such that two or four ellipse-like
openings 3 are disposed on ellipse 1 whose axis 1s at the
center of valve chip V, with equal intervals “w” between
them.

According to the completely closed battery of the present
invention, when the internal pressure of the battery 1is
clevated due to some abnormality such as short circuit,
overcharge, or reverse charge, the equal interval portions
(easily transformable) between perforated openings 3 dis-
posed on metal substrate 1 with equal intervals between
them are stably and accurately elongated especially at a low
pressure so that portion 5 of valve element 1s projected to
disconnect lead wire 6 and electrically cut off the current.
When the mternal pressure 1s further elevated, the portions
of metal foil 2 that close perforated openings 3 are ruptured
at a fixed pressure to render the valve openings 7 unclosed
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and discharge the 1nner gas of the battery. Accordingly, 1t 1s
possible to prevent abrupt elevation of the temperature and
burst of the battery.

The operating pressure, which stably permits portion S of
valve element of the valve chip to be projected, can be set
by determining an appropriate size of the equal interval
portions (easily transformable) between perforated openings
3 on metal substrate 1 and by determining a suitable material
composition for metal substrate 1. Also, it 1s possible to
rupture metal foil 2, which closes perforated openings 3, at
a stable operating pressure by determining a suitable mate-
rial composition for metal foil 2, since metal foil 2 can be
manufactured with the highest accuracy 1n the micron order.

The valve element of the present mvention 1s manufac-
tured 1n the following manner. Namely, metal substrate 1,
which has a strip shape, 1s perforated continuously along the
longitudinal direction thereof by punching or the like so as
to provide thereon a number of openings 3 required for one
valve chip V. The thus perforated metal substrate 1 1s
laminated on one surface thereof with metal foil 2. Then, the
resultant laminate 1s blanked out 1in a form of each valve chip
V having a substantially circular shape. The strip of metal
substrate 1 1s transferred by several pairs of rolls or con-
finuously laminated to metal fo1l 2 by a pair of rolls. In a case
where the metal substrate has a structure such that only one
portion of the circle 1s not perforated, like a horseshoe
shaped opening, and when such a metal substrate 1s trans-
ferred and laminated, the edge portions of such perforated
opening are sometimes caught by the rolls. In such a case,
the valve chip are turned up with the non-perforated portion
as a Tulcrum. The thus produced defective chips have to be
scrapped. Further, there may be a case where the continuous
transfer and lamination operation will become 1mpossible.

According to the present invention, perforated openings 3
arc formed with a plurality of non-perforated portions
present and perforated openings 3 are perforated such that
the non-perforated portions are provided parallel to the
longitudinal direction (transfer direction) of the strip of
metal substrate 1. Accordingly, 1t 1s possible to prevent the
cdge portions of the openings from being caught by the rolls
or the valve chip from being turned up with the non-
perforated portion as a fulcrum in the transfer and lamina-
fion operations.

As mentioned above, even when the internal pressure of
a battery 1s elevated due to short circuit, overcharge, reverse
charge, or the like, the safety valve chip of the present
invention operates to permit the easily transformable por-
tions provided on the metal substrate to deform stably so as
to cut off the current in the battery at the time when the
internal pressure reaches a fixed value at a relatively low
pressure. When the internal pressure 1s further elevated, the
metal foil, which closes the perforated openings provided on
the metal substrate 1s ruptured stably and accurately so as to
discharge gas with 1n the battery outside. Thus, 1t 1s possible
to prevent an abrupt elevation of the temperature or burst of
the battery.
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What 1s claimed 1s:

1. A closed battery comprising an outer container, an
clectrode element consisting of a positive electrode, a nega-
tive electrode, and a separator, accommodated 1n said outer
container together with an electrolyte, and a closing member
secured to an 1nner periphery of an open end portion of said
outer container so as to close the open end portion,

said closing member consisting of a valve element and a
metal foil produced by continuously laminating,

said valve element being formed of a metal substrate, on
which a plurality of perforated openings are disposed
along an endless circumference with small intervals
between each opening, and said metal foil being lami-
nated to an inner surface of the metal substrate so as to
close said perforated openings, wherein portions of said
small intervals between said openings formed on the
metal substrate, which are transformable by a small
force, are elongated so as to cause a portion of the metal
substrate encircled by said plurality of perforated open-
ings disposed on the endless circumference to be pro-
jected when internal pressure of the closed battery 1s
increased.

2. A closed battery according to claim 1, wheremn said
metal fo1l laminated to the portion encircled by the plurality
of perforated openings i1s connected with a lead cover for
conducting a current which flows from the positive electrode
to the negative electrode and when said portion encircled by
the plurality of perforated openings is projected due to the
internal pressure of the battery, said lead cover 1s electrically
disconnected from the metal foil to cut off the current, the
metal foil 1s ruptured by more increased internal pressure of
the closed battery and the gas i1n the closed battery 1is
discharged.

3. A closed battery according to claim 1, wheremn said
plurality of perforated openings are circular openings having
the same diameter and are disposed with equal intervals
respectively on a circumierence of a fixed radius from the

center of the valve element, which 1s on endless circumfer-
ence.

4. A closed battery according to claim 1, wherein the sum
total length of the openings formed as the plurality of
perforated openings on said endless circumference 1s 30 to
85% of the whole length of the endless circumference.

5. A closed battery according to claim 1, wherein said
metal substrate 1s a steel sheet, a stainless steel sheet, a
copper sheet, or an aluminum sheet.

6. A closed battery according to claim 1, wherein said
metal foil 1s a steel foil, a stainless steel foil, a copper foil,
an aluminum foil, a nickel foil, or a nickel-iron alloy foil.

7. A closing member for use 1n the battery according to
claim 1.
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